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© Is-enthalpic temperature control of the operation 
of Ihe thermal printing head of a thermal printing 
device is attained by use of a transfer area at the 
head to transfer heat from the head to a coolant fluid 
moved by a fluid mover across the transfer area at a 
flow rate controlled by a circuit on the basis of a 
sensor that measures the flow rate of electrical en- 
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ergy being fed to the head, and sensors that sense 
the mass flow rate of the fluid and its rise in tem- 
perature upon flow across the transfer area for deter- 
mining the flow rate of energy being removed from 
the head. The circuit controls the fluid mover to 
adjust the fluid flow rate so that the net energy in the 
head remains substantially constant. 
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Field of the Invention 

This invention relates to apparatus and method 
for controlling the temperature of a device that 
generates heat during operation, and more particu- 
larly to is>enthalpic control of a thermal printing 
head. 

As used herein, the term "ts-enthalpic" is de- 
fined as constant enthalpy, i.e.. a system eviden- 
cing no change in enthalpy, or one which is iso- 
enthaipic. Enthalpy is defined as a thermodynamic 
function of a system, equivalent to the internal 
energy plus the product of the pressure and the 
volume. Enthalpy is the same as the heat content 
of the system. 

Background of the Invention 



Techniques are known for controlling the op- 
erating temperature of devices that generate heat 2i 
during operation and require cooling to keep their 
temperature below a threshold limit. Examples of 
systems employed for attaining this end are shown 
in the following prior art. 

U.S. Patent No. 4.126,269 (Bruges) discloses a 25 
series of fans spaced along a flow path in a venti- 
lated housing which cools electronic devices there- 
in with a flow of filtered air. Each fan has a tem- 
perature sensor for emitting a signal when a tem- 
perature threshold limit is reached, so indicating 30 
inadequate cooling due to a clogged filter or the 
stopping or reduction in speed of the fan. 

U.S. Patent No. 4.648,551 (Thompson et al.) 
discloses a blower motor system for an indirect 
heat exchange flow, fuel gas/air furnace, that ad- 35 
justs the fuel gas feed and the pressure delivery 
fan for intake air to be preheated by heat exchange 
with an already combusted fuel gas/air mixture. 
After condensing water from the heat exchanged 
combusted mixture, the latter is removed under 40 
suction fan operation. Flow adjustments are made, 
e.g., to compensate for flow variation due to dirty 
filters, closed ducts, reduced line voltage and in- 
creased motor temperature, so as to maintain ap- 
propriate air delivery for a specified air temperature 45 
rise in the system. The adjustments are controlled 
by pressure sensors for the combusted mixture 
and intake air, respectively, in the heat exchanger, 
and a temperature sensor for the preheated air to 
effect its precooling in a separate unit if exces- so 
sively preheated in the heat exchanger prior to 
combustion. 

U.S. Patent No. 4,659,290 (Kundert) discloses 
a fan for cooling electronic components with a main 
air flow, which has a speed controller whose circuit 55 
is in a chamber on the fan hub through which a 
minor air flow, representative of the main air flow, 
passes for sensing by a temperature sensor. The 



fan is adjusted as a function of the air temperature 
relative to a threshold limit, to increase its speed 
above a minimum when the air temperature ex- 
ceeds the limit, and to return it to minimum speed 
when the temperature returns below the limit. An 
alarm system signals overheating, e.g.. due to a 
clogged filter, even if the fan functions normally. 

U.S. Patent No. 4,722,669 (Kundert) discloses 
a speed controller for a fan that cools electronic 
devices, in which an exhaust air temperature sen- 
sor controls the fan speed to keep the devices at a 
constant temperature over a range of varying inlet 
air temperatures. Thus, fan speed is adjusted rela- 
tive to changes in inlet air temperature as sensed 
by the exhaust air temperature. 

In certain thermal printers, an array of thermal 
print head elements is disposed to drive dyes from 
a dye-bearing web into a dye receiving sheet. In 
others, resistive elements of the print head are 
selectively energized to create images directly on 
thermally sensitive media. In these units, only a 
small portion of the energy fed to the elements 
generates the images, the major energy portion 
remaining in the thermal head which functions as a 
heat sink. This excess energy stored in the head 
raises its temperature, so that the effective image 
density increases with increasing head tempera- 
ture. Often, the unit has cooling means such as a 
fan to remove excess heat from the head. It is 
known that print quality improves if the head is 
kept at a temperature higher than ambient. 

Typically, during the line printing time for print- 
ing each line of images, the thermal print head 
elements are selectively energized by constant cur- 
rent pulses of predetermined time duration or pulse 
width. A control circuit generates enable signals of 
selective time duration which are used to vary or 
modulate the pulse width of the energizing current. 
In this way, the heating elements are energized 
with an enable width corresponding to the selective 
time duration of the enable signals during the line 
printing time, for controlled printing of the images. 
The heat generated in the head increases with 
increase in the proportion that the enable time 
(power energizing time) bears to the line printing 
time. 

A variety of means has been used to sense the 
power delivered to the thermal head. Other sensing 
means have been disclosed to monitor the head 
temperature. These sensors are typically connect- 
ed to electrical control systems that modulate the 
enable width of the element energizing current, the 
head voltage, or a cooling fan or other cooling 
means, in an effort to assure that the resulting print 
density remains constant. 

U.S. Patent No. 4,797.837 (Brooks) discloses 
controlling a thermoelectric heat pump to cool in- 
termittently the thermal head of a thermal printing 
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device having a plurality of heating elements that 
generate images on a responsive imaging material. 
The head temperature is sensed and compared 
with a reference temperature to determine if heat 
pump operation should be initiated or halted. 

Commonly assigned U.S. Patent Nos. 
4,745,413 (Brownstein et al.) and 4,912,486 
(Yumino), disclose typical thermal printing devices 
having a thermal printing head with a plurality of 
heating elements used to generate images on a 
responsive imaging material. 

In all these systems, uneven heating and 
abrupt changes in delivered power can cause the 
associated temperature sensors to operate sub- 
optimally. 

These known arrangements use complicated 
and costly means to attain temperature control or 
lack adequate means for such control. 

It is desirable to have a thermal printing device 
with is-enthalpic control and a method of operating 
such a device under is-enthalpic control, to cool its 
printing head so that the net energy in the head 
remains substantially constant, independently of 
cooling effect changes caused by changes in am- 
bient cooling fluid, such as air temperature, humid- 
ity and barometric pressure changes, or filter clog- 
ging. 

Summary of the Invention 



The foregoing limitations have been effectively 
obviated by providing a thermal printing device 
with is-enthalpic control. Additionally, a method is 
provided for operating such a device under is- 
enthalpic control to cool its printing head so that 
the net energy therein remains substantially con- 
stant. The described system is relatively immune 
to changes in cooling effect caused by changes in 
ambient cooling fluid, such as air temperature, hu- 
midity and barometric pressure changes, filter clog- 
ging, or the like. The described method is immune 
to temporary temperature gradients within the heat 
sink, i.e., within the thermal printing head. 

Briefly, thermal printing head temperature con- 
trol is achieved with a system using means such as 
a shunt resistor in the power line to the head to 
measure the amount of electrical energy that is 
t)eing delivered to the head, and additional means 
such as a solid state mass flow sensor and intake 
and exhaust temperature set\sors to determine the 
amount of thermal energy that is being removed 
from the head by a fluid heat transfer medium 
cooling system, at any point in time. The cooling 
system, such as a fan for a gaseous medium, e.g.. 
air, or a pump for a liquid medium, e.g., water, is 
controlled so that the heat energy removed thereby 
is substantially equivalent to the heat energy being 
delivered to the head, so as to maintain a constant 
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enthalpy within the head. 

In effect, upon measuring the energy being fed 
to the head, and the mass flow rate of the cooling 
fluid and its temperature rise consequent cooling 

5 use, on an instantaneous basis, these measure- 
ments are applied on the same basis to adjust the 
cooling fluid flow rate so that the net energy added 
to the head is substantially zero at any point in 
time. The key here is measuring the power or heat 

10 energy into, and the power or heat energy out of, 
the system for adjusting the cooling fluid flow to 
achieve is-enthalpic control of the head. 

As a result, the average temperature of the 
head is maintained more constant than otherwise 

75 under a variety of printing and ambient conditions. 
The system is immune to temporary temperature 
gradients arising in the head as heat sink. This 
uniformity of average temperature in the head re- 
duces density variation in the images printed there- 

20 by. It is to be noted that at constant enthalpy or is- 
enthalpy. there may be different temperatures dis- 
tributed locally throughout the head, which func- 
tions as a heat sink. However, in accordance with 
the present invention, the average temperature of 

25 the head always remains constant. 

The thermal printing device comprises a ther- 
mal printing head energizable by a selective flow of 
electrical energy to generate images on a respon- 
sive imaging material, a heat transfer area asso- 

30 ciated with the head and disposed to effect transfer 
of heat generated by the head to a fluid heat 
transfer medium, controllable moving means for 
moving the medium at a controllable flow rate to 
flow across the transfer area to remove therefrom 

35 heat generated by the head, measuring means, 
determining means and control means. 

The measuring means measure the flow rate of 
electrical energy to the head, the determining 
means determine the flow rate of heat energy 

40 removed from the head by the medium that flows 
across the transfer area, and the control means 
control the moving means, in dependence upon the 
measured flow rate of energy to the head, and the 
determined flow rate of energy removed from the 

45 head by the medium, to adjust the flow rate of the 
medium so that the net energy in the head remains 
substantially constant. 

Typically, the head has a plurality of elements 
energizable to generate the images on the respon- 
se sive material, and the transfer area is a coolable. 
portion on the head remote from the elements and 
capable of being cooled by flow contact with the 
medium. 

The determining means may comprise flow 
55 sensing means to sense the mass flow rate of the 
medium that flows across the transfer area, and 
temperature sensing means to sense the change in 
temperature of the medium upon flow across the 
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transfer area, with the control means arranged to 
control the moving means, in dependence upon the 
measured flow rate of energy to the head, and the 
sensed mass flow rate and sensed change in tem- 
perature of the medium, to effect such medium s 
flow rate adjustment. 

The temperature sensing means may include 
an intake temperature sensor disposed to sense 
the temperature of the medium prior to flow across 
the transfer area, and an exhaust temperature sen- w 
sor disposed to sense the temperature of the me- 
dium after flow thereacross. to sense and thus 
determine the change in temperature. 

Typically, the flow sensing means are disposed 
to sense the mass flow rate of the medium at a 75 
point prior to its flow across the transfer area. 
However, it is to be understood that the flow sens- 
ing means may be positioned anywhere along the 
cooling fluid path. The flow sensing means may be 
mass flow measuring means to measure the mass 20 
per unit time of a gaseous heat transfer medium 
such as air, and the moving means may be a fan. 
Alternatively, the flow sensing means may be mass 
flow measuring means to measure the mass per 
unit time of a liquid heat transfer medium such as 25 
water , and the moving means may be a pump. 

The device may optionally comprise auxiliary 
measuring means to measure cumulatively the en- 
ergy flow into and that being removed from the 
head over a selective on-going period of time. In 30 
this case, the control means is arranged to control 
the moving means to adjust the flow rate of the 
medium, in further dependence upon the measured 
cumulative energy flow into and that being re- 
moved from the head, so as to compensate for 35 
temporary imbalances in which the energy flow into 
the head exceeds that being removed therefrom. 

Also, the device may optionally comprise auxil- 
iary temperature sensing means to sense the tem- 
perature of the head. In this case, the control 4o 
means is arranged either to control the moving 
means to adjust the flow rate of the medium, or to 
control the flow of energy to the head, in further 
dependence upon the sensed head temperature, 
so as to maintain the head at a selective elevated 45 
temperature above ambient temperature. 

The method of operating the thermal printing 
device under is-enthalpic control, comprises de- 
livering a selective flow of electrical energy to the 
printing head to generate the images, the head 50 
being provided with such transfer area associated 
therewith to effect transfer of heat generated by the 
head to the fluid heat transfer medium, moving a 
flow of the medium across the transfer area to 
remove therefrom heat generated by the head, 55 
measuring the flow rate of electrical energy to the 
head, determining the flow rate of heat energy 
removed from the head by the medium, and con- 



trolling the moving of the medium. 

The control of the moving of the medium is 
effected in dependence upon the measured flow 
rate of energy to the head and the determined flow 
rate of energy removed therefrom by the medium, 
to adjust the medium flow rate so that the net 
energy in the head remains substantially constant. 

The determining of the flow rate of heat energy 
removed from the head may comprise sensing the 
mass flow rate of the medium that flows across the 
transfer area, sensing its temperature prior to and 
after flow across the transfer area, and in turn its 
temperature change upon flow across such area, 
and controlling the moving of the medium, in de- 
pendence upon the measured flow rate of energy 
to the head, and the sensed mass flow rate and 
sensed change in temperature of the medium, to 
effect such medium flow rate adjustment. 

The method may optionally comprise measur- 
ing cumulatively the energy flow Into and that be- 
ing removed from the head over a selective on- 
going period of time, and controlling the moving of 
the medium to adjust its flow rate, in further depen- 
dence upon the measured cumulative energy flow 
into and that being removed from the head, so as 
to compensate for temporary imbalances in which 
the energy flow into the head exceeds that being 
removed therefrom. 

Also, the method may optionally comprise 
sensing the temperature of the head, and either 
controlling the moving of the medium to adjust its 
flow rate, or controlling the energy flow to the head, 
in further dependence upon the sensed head tem- 
perature, so as to maintain the head at a selective 
elevated temperature above ambient temperature. 

The invention will be more readily understood 
from the following detailed description taken with 
the accompanying drawings and claims. 

Brief Description of the Drawi ngs 

FIG. 1 is a schematic view of a thermal printing 
device having is-enthalpic control, in accordance 
with one embodiment of the invention; and 
FIG. 2 is a schematic view of a thermal printing 
device having is-enthalpic control, in accordance 
with another embodiment of the invention, 
ft is noted that the drawings are not to scale, 

some portions being shown exaggerated to make 

the drawings easier to understand. 

Detailed Description 

Referring now to FIG. 1, there is shown a 
thermal printing device 1 in accordance with one 
embodiment of the invention. The thermal printing 
device 1. which uses a gaseous heat transfer me- 
dium formed of ambient air as fluid coolant, com- 
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prises a thermal printing head 2, a power line 3, a 
power source 4, a paper sheet 5, a print drum 6, a 
web carrier 7, donor payout and take-up rolls 8 and 
9. a heat transfer area 10, fins 11. a fan 12, a fan 
drive or motor 13, a head power sensor 14, a flow 
sensor 15, temperature sensors 16 and 17, a flow 
path 18, intake and exhaust regions 19 and 20, a 
housing 21 , control means 22, a head power sense 
line 23. a fan power line 24, a flow sense line 25, 
intake temperature sense and exhaust temperature 
sense lines 26 and 27, a cumulative power flow 
rate measurement circuit 30, a head temperature 
sensor 31 ^ an auxiliary head temperature sense line 
32. an elevated head temperature control circuit 33, 
and an auxiliary control line 34. 

Device 1 comprises a conventional stationary 
thermal printing head 2 (such as is disclosed in 
said commonly assigned U.S. Patent No. 4,745,413 
to Brownstein et al.), receiving power via power line 
3 from power source 4. Head 2 has a plurality of 
elements (not shown) that are energized by a 
selective flow of electrical energy to generate im- 
ages on a responsive imaging material, such as 
paper sheet 5 mounted on rotatable print drum 6 
by heat transfer of thermally diffusible dye located 
on web carrier 7, fed from donor payout roll 8 and 
received on donor take-up roll 9. As print roll 7 and 
donor rolls 8,9 rotate, while head 2 remains fixed, 
sheet 5 and dye carrier 7 travel together in the nip 
between head 2 and print drum 6 to effect the 
required thermal printing of the images or image 
data in a given cycle. 

During printing, head 2 generates heat that 
must be removed in order to maintain its tempera- 
ture at a desired level for optimum quality printing. 
The more uniform the operating temperature of 
head 2, the more uniform the print density of the 
generated images, i.e., use of a uniform tempera- 
ture reduces the density variation in the print im- 
ages within each cycle and in successive cycles. 

In accordance with the invention, to achieve 
such uniformity, heat transfer area 10, formed as a 
heat exchange area such as a series of cooling fins 
11, is associated with head 2, e.g., disposed at the 
back of head 2 remote from its printing elements, 
to effect transfer of heat generated by head 2 to 
the air. Area 10 forms a coolable portion on head 2 
remote from its printing elements and capable of 
being cooled by flow contact with the air. Control- 
lable moving means such as fan 12 with conven- 
tional fan drive or motor 13 move the air at a 
controllable flow rate to flow across area 10 to 
remove from it heat generated by head 2. 

Also provided are measuring means such as 
head power sensor 14 to measure the electrical 
energy flow rate to head 2, and determining 
means, for instance, the combination of flow sens- 
ing means, such as flow sensor 15 to sense the 



mass flow rate of the air, with temperature sensing 
means to sense and thus determine the change in 
temperature of the air upon flow across area 10, 
such as intake temperature sensor 16 and exhaust 

5 temperature sensor 17. Sensors 15, 16 and 17 
together determine the flow rate of heat energy 
removed from head 2 by the air that flows across 
area 10 in flow path 18 (indicated by the arrows in 
FIG. 1) between air intake region 19 and air ex- 

10 haust region 20 of housing 21 that encloses the 
adjacent portion of device 1 . 

Flow sensor 15 is disposed in path 18 to sense 
the mass flow rate of the air, e.g., at a point prior to 
its flow across area 10. Temperature sensor 16 is 

15 disposed in path 18 to sense the temperature of 
the air prior to its flow across area 10 and tempera- 
ture sensor 17 is disposed in path 18 to sense the 
temperature of the air after flow across area 10. for 
sensing and thereby determining the change in air 

20 temperature between intake region 19 and exhaust 
region 20. 

Control means 22, such as a microprocessor, 
has a conventional electronic control circuit pro- 
grammed to control the operation of head 2 and 

25 fan 12 in conjunction with head power sensor 14, 
fan motor 13, flow sensor 15 and temperature 
sensors 16,17. Control means 22 is connected to 
head power sensor 14 by head power sense line 
23, to fan motor 13 by fan power line 24, to flow 

30 sensor 15 by flow sense line 25, and to intake and 
exhaust temperature sensors 16 and 17 by intake 
and exhaust temperature sense lines 26 and 27, 
respectively. 

Control means 22 controls the speed of fan 1 2 

35 by controlling the voltage across fan motor 13, in 
dependence upon the measured flow rate of en- 
ergy to head 2, and the determined flow rate of 
energy removed therefrom by the air, to adjust the 
air flow rate so that the net energy in head 2 

40 remains substantially constant. While different tem- 
peratures may actually be distributed locally 
throughout head 2 as heat sink at any given time, 
the average temperature of head 2 always remains 
constant at the constant enthalpy achieved by the 

45 control system of the invention. 

The amount of heat removed from head 2 by 
the air flow can be determined in known manner by 
the following equation: 

50 Qout = Cp X Mass x (Tout - Tin) 

where Qout is the heat energy exhausted by the 
fluid heat transfer medium (removed by the air 
flow), Cp is the heat capacity or specific heat of the 
55 medium (a constant roughly equivalent to the en- 
thalpy of air or other fluid used), Mass is the mass 
of exhausted medium (air), as determined by flow 
sensor 15. Tout is the temperature of the medium 
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(air) leaving the heat exchange area (area 10) as 
determined by exhaust temperature sensor 17 and 
Tin IS the temperature of the medium (air) entering 
the heat exchange area, as determined by Intake 
temperature sensor 16. 

Thus, the heat energy removed from head 2 is 
the product of the cooling fluid heat capacity times 
the mass of the fluid times its temperature rise 
increment upon flow across area 10. 

Fan motor 13 may be of conventional design 
having a speed responsive to an applied voltage' 
for infinitely varying the fan speed and thus the air 
flow rate. 

Head power sensor 14 may be a conventional 
measunng device to measure the instantaneous 
power flowing to head 2, such as a shunt resistor 
e.g., having a value of 0.001 ohms, placed in the 
power feed line to or return line from head 2 The 
voltage drop across the resistor serves as a mea- 
sure of the power being fed to head 2. In another 
embodiment, the head power sensor may comprise 
an inductively coupled current transformer and 
conditioning electronics of conventional design (not 
shown), arranged so as to measure the power 
being fed to head 2. 

Intake and exhaust temperature sensors 16 and 
17 may each be a conventional fluid temperature 
sensor. In one embodiment, the temperature sen- 
sor may be a conventional thermocouple of fine 
gage wire to achieve maximum sensitivity In an- 
other embodiment, the temperature sensor may be 
a fast time response thermistor head, also of con- 
ventional design. 

Flow sensor 15 may be a conventional mass 
flow sensor, such as a solid state sensor, e.g that 
available as MICRO SWITCH part number XSOSei- 
A (Micro Switch Division, Honeywell, Inc Min- 
neapolis, MN), having a heater element with a 
resistor, and a temperature sensor, such as an 
RTD (resistance temperature device), or a ther- 
mistor, on a ceramic plate or chip, plus a feedback 
control circuit that senses the chip temperature and 
adjusts the power to the resistor of the heater 
element to maintain the temperature constant By 
keeping the chip at a constant temperature above 
ambient, the power, e.g.. current, flow to the chip Is 
proportional to. and therefore, in conjunction with 
the temperature of the air flow, provides an ac- 
curate indication of. the mass flow rate of the air or 
other fluid heat transfer medium being sensed. 

For example, as the flow of ambient tempera- 
ture cooling fluid, e.g.. air. across the chip in- 
creases, the power required to keep the chip at 
constant temperature above ambient temperature 
correspondingly increases, since the chip is being 
cooled by an Increased cooling fluid flow The 
feedback control circuit compensates for the 
sensed decrease in chip temperature by corre- 



spondingly increasing the power, e.g.. current to 
the heater element of the chip to keep the chip at 
Its constant temperature. The instantaneous hiass 
flow rate of the cooling fluid is determined by 
5 control means 22 by measuring the power deliv- 
ered to the chip. 

Flow sensor 15 and intake temperature sensor 
16 sense and measure the mass flow rate and 
ambient temperature of the air upstream of area 
'0 10, while exhaust temperature sensor 17 senses 
and measures the rise In temperature of the air 
after heat exchange travel through area 10. In this 
way, the instantaneous amount of heat energy be- 
ing removed from head 2 Is determined and fed as 
IS information (signals) to control means 22. At the 
same time, the amount of power flowing to head 2 
as sensed by head power sensor 14 which signifies 
the instantaneous amount of heat energy being 
supplied to head 2, Is fed as information (signals) 
20 to control means 22. In response to this informa- 
tion, control means 22 controls fan 12, eg by 
varying the voltage supply to fan motor 13 to 
increase or decrease the amount of air across fins 

25 The voltage of fan 12. and therefore the air 

flow, IS varied by control means 22 to adjust the 
system so that the input and output energies are 
kept substantially equal at any given point in time 
This precisely controllable system is inherently Im- 
30 mune to ambient condition effects that adversely 
occur using known control systems. Specifically 
the system of the invention is immune to changes 
in cooling effects caused by changes in ambient 
(intake) air temperature, humidity and barometric 
35 pressure, filter clogging, and the like. 

Despite such changes, precise operation of de- 
vice 1 IS achieved by way of the Invention because 
It IS the nse in temperature of the air and its mass 
flow rate that are measured to determine the heat 
40 energy removed from head 2 by the air flow for 
use with the measured heat energy supplied to 
head 2. to adjust the speed of fan 12 to maintain 
constant the net energy to head 2. Changes in 
temperature, pressure or humidity of the ambient 
45 air that affect its density are inconsequential as fan 
speed is controlled herein per the above equation 
on the basis of the rise In temperature of the air 
taken with its mass flow rate which is independent 
of vanation in cooling fluid density. Changes in 
so ambient air flow rate, e.g., due to a clogged filter 
merely change the flow rate information sent to 
control means 22, causing a compensating adjust- 
ment in fan speed for heat balance. 

Specifically, it is the mass flow rate, e.g In lbs 
55 of cooling fluid/unit time, that is measured by flow 
sensor 15. rather than the volume flow rate e g in 
cu ft of cooling fluid/unit time. As the mass flow 
rate value is independent of density, and thus of 
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changes in annbient temperature, barometric pres- 
sure, humidity content and other variables that af- 
fect density and in turn the volume flow rate mea- 
surement, a more precise instantaneous measure 
of the heat energy removed by the cooling fluid is 
attained in terms of its rise in temperature as 
sensed by intake and exhaust temperature sensors 
16 and 17. This distinction enables device 1 to be 
used any place in the world without regard to 
variations in altitude and/or humidity as between 
sea level locations, e.g., New York City, NY, and 
mile high locations, e.g., Denver, CO. 

In essence, head 2 is maintained at constant 
net energy level by measuring the difference be- 
tween the instantaneous heat energy being fed 
thereto as sensed by head power sensor 14 and 
the instantaneous heat energy being removed 
therefrom by the cooling fluid, as sensed by flow 
sensor 15 in conjunction with temperature sensors 
16 and 17. The precise, instantaneously responsive 
is-enthalpic control attained herein cannot be ob- 
tained on the basis of density dependent volume 
flow rate measurement nor by measuring the tem- 
perature of head 2 itself due to the time lag in 
manifesting changes In its temperature consequent 
its heat sink nature. 

According to an optional feature, In the event 
that the maximum instantaneous cooling rate may 
not be able to match the cumulative maximum 
energy delivery rate to head 2 during on-going 
operation, additional means may be provided in the 
control circuit of control means 22 to measure the 
power flow to head 2 over time, i.e., over a cumula- 
tive time period. The cooling system, e.g.. fan 12, 
is then operated by control means 22 to respond to 
both the Instantaneous or current energy Input to 
head 2 and the previous energy imbalances as 
measured cumulatively by the additional means in 
the control circuit of control means 22. 

To this end, device 1 may have auxiliary mea- 
suring means to measure cumulatively the energy 
flow into and that being removed from head 2 over 
a selective on-going period of time, such as a 
conventional cumulative power flow rate measure- 
ment circuit 30 (shown in dashed line in FIG. 1) in 
control means 22. In this case, control means 22 is 
programmed to control fan 12 via fan motor 13 to 
adjust the air flow rate In further dependence upon 
the measured cumulative energy flow into and that 
being removed from head 2, to compensate . for 
temporary imbalances in which the energy flow into 
head 2 exceeds that being removed therefrom. 
Such measurement Is based on the added energy 
flow rate sensed by head power sensor 14 and the 
removed energy flow rate sensed by the combina- 
tion of flow sensor 15 and temperature sensors 16 
and 17, over the selected cumulative period of 
time. 



In typical thermal printers, print quality is often 
enhanced by raising the heat sink temperature a 
fixed level above ambient temperature. According 
to a further optional feature, device 1 may have 

5 such a temperature offset for head 2 to enhance 
print quality. 

According to one form of this further optional 
feature, control means 22 is programmed to idle 
temporarily the cooling system, e.g., fan 12. at a 

10 lower cooling capacity Initially to raise the tempera- 
ture of head 2 to a selective fixed level above 
ambient temperature, such as by idling fan 12 at 
10% cooling capacity. Control means 22 then op- 
erates fan 12 normally to keep head 2 at constant 

76 net energy at the raised temperature level. 

According to another form of this optional fea- 
ture, an auxiliary heating system is operated In 
conjunction with the main cooling system, e.g., fan 
12, to keep head 2 at the fixed elevated tempera- 

20 ture, such as an auxiliary heating circuit in control 
means 22 programmed to energize intermittently 
either head 2 per power line 3, or a conventional 
auxiliary heater in head 2, in response to a signal 
from a temperature sensor on the heat sink, i.e., 

25 mounted on head 2. This intermittent auxiliary heat- 
ing will keep head 2 at the raised temperature 
level, while fan 12 operates normally to keep head 
2 at constant net energy at that raised temperature 
level. 

30 Due to the thermal inertia of the heat sink as 

constituted by head 2, the auxiliary heating circuit 
Is not influenced by the dynamic servo control of 
the heat energy balance effected by the main cool- 
ing system, e.g., fan 12, in maintaining is-enthalpic 

35 control of the system. The auxiliary heating circuit 
operates In response to the time lag dependent 
sensed temperature of head 2, whereas the under- 
lying is-enthalpic control system operates in re- 
sponse to measured instantaneous differences in 

40 the heat content of head 2 based on the heat 
energy fed to head 2 by power source 4 and that 
removed from head 2 at area 10 by the cooling air 
flow. 

To this end, device 1 may have auxiliary tem- 
45 perature sensing means to sense the temperature 
of head 2 itself, such as a conventional elevated 
head temperature sensor 31 connected by an auxil- 
iary head temperature sense line 32 to a conven- 
tional elevated head temperature control circuit 33 
50 in turn connected by an auxiliary control line 34 to 
control means 22 (sensor 31 , line 32, circuit 33 and 
line 34 being shown in dashed line in FIG. 1). In 
this case, control means 22 is programmed to 
control per circuit 33 either fan 12 via fan motor 13 
55 to adjust the air flow rate, or the energy flow to 
head 2. in further dependence upon the sensed 
temperature of head 2. to maintain head 2 at a 
selective elevated temperature above ambient tem- 
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perature. 

In a typical known system, if the printer starts 
with maximum head power input, a heat sensor 
controlled unit will experience a delay until the heat 
sink has risen significantly in temperature. On the 5 
other hand, according to the invention, due to the 
is-enthalpic control, heat is removed immediately 
as energy is fed to head 2, allowing a fan 12 of 
sufficient capacity to remove the same amount of 
energy as that being delivered to the heating ele- 10 
mcnts. If the ambient cooling air temperature or 
humidity changes, or if its flow is reduced due to a 
clogged filter, the cooling system of the invention 
Simply adjusts the air flow a compensating amount 
to assure that the energy balance still remains 15 
constant. 

In all cases, the is-enthalpic control system of 
the invention maintains head 2 at a more constant 
temperature than otherwise under a variety of print- 
ing and ambient conditions. As a result, the more 20 
uniform temperature of head 2 concordantly re- 
duces density variation in the printed images. 

Device 1 is thus operated by a method as- 
sunng is-enthalpic control of head 2. per the steps 
of delivering a selective flow of electrical energy to 25 
head 2 to generate the desired images on sheet 5 
with area 10 effecting transfer of heat generated by 
head 2 to the air, moving a flow of air across area 
10 to remove from it such generated heat, measur- 
rng the flow rate of electrical energy to head 2 30 
determining the flow rate of heat energy removed 
from head 2 by the air, and controlling the moving 
of the air in dependence upon the measured flow 
rate of energy to head 2 and the determined flow 
rate of energy removed from It by the air. to adjust 35 
the ai! flow rate to keep substantially constant the 
net energy in head 2. 

Determining the flow rate of heat energy re- 
moved from head 2 in particular comprises sensing 
the mass flow rate of the air that flows across area 40 
10. sensing the air temperature prior to and after 
flow across area 10. and determining the change in 
air temperature upon flow thereacross, with the air 
movement being controlled in dependence upon 
the measured energy flow rate to head 2, and the 45 
sensed mass flow rate and sensed change in tem- 
perature of the air, to effect such air flow rate 
adjustment. 

This method optionally contemplates measur- 
ing cumulatively the energy flow into and that be- 50 
ing removed from head 2 over a selective on-going 
period of time, and controlling the moving of the air 
to adjust its flow rate, in further dependence upon 
the measured cumulative energy flow into and that 
being removed from head 2, to compensate for 55 
temporary imbalances in which the energy flow Into 
head 2 exceeds that being removed from it. 

It also optionally contemplates sensing the 



temperature of head 2. and either controlling the 
nnoving of the air to adjust its flow rate, or control- 
ling the energy flow to head 2, in further depen- 
dence upon the sensed temperature of head 2, to 
maintain it at a selective elevated temperature 
above ambient temperature. 

Referring now to FIG. 2, there is shown a 
thermal printing device 101 in accordance with 
another embodiment of the invention. The thermal 
printing device 101, which uses a liquid heat trans- 
fer medium formed of water as fluid coolant, com- 
prises a thermal printing head 2. a power line 3, a 
power source 4. a paper sheet 5. a print drum 6, a 
web carrier 7. donor payout and take-up rolls 8 and 
9, a heat transfer area 110, a flow chamber 111, a 
pump 112, a pump drive or motor 113, a head 
power sensor 14, a flow sensor 15. temperature 
sensors 16 and 17, a flow path 118, intake and 
exhaust regions 119 and 120, a housing 121, con- 
trol means 22, a head sense line 23, a pump power 
line 124, a flow sense line 25. intake and exhaust 
temperature sense lines 26 and 27. a cumulative 
power flow rate measurement circuit 30, a head 
temperature sensor 31. an auxiliary head tempera- 
ture sense line 32. an elevated head temperature 
control circuit 33, and an auxiliary control line 34. 

Device 101 of FIG. 2 is generally equivalent to 
device 1 of FIG. 1, having the same parts 2-9, 14- 
17. 22, 23. 25-27 and 30-33, and operating in the 
same way except in the substitution of a closed 
fluid flow system for a liquid heat transfer medium 
involving analogous parts and areas 110-113 118- 
121 and 124. 

In this case, head 2 is provided with heat 
transfer area 110, formed as an internal liquid heat 
exchange area such as a closed flow chamber 111 
for travel of cooling water therethrough, e.g., dis- 
posed at the back of head 2 remote from its 
printing elements, to effect transfer of heat gen- 
erated by head 2 to the water. Area 110 forms a 
coolable portion on head 2 remote from its printing 
elements and capable of being cooled by flow 
contact with the water. Controllable moving means 
such as pump 112 with conventional pump drive or 
motor 113 move the water at a controllable flow 
rate to flow across area 110 to remove the gen- 
erated heat. 

The water is pumped along flow path 118 
(indicated by the arrows in FIG. 2) from intake 
region 119 to exhaust region 120 of housing 121 
formed as a flow pipe operatively passing through 
chamber 111 of area 110. Consequently, flow sen- 
sor 15 and intake and exhaust temperature sensors 
16 and 17 are disposed within housing 121 for use 
with head power sensor 14. Sensors 15. 16 and 17 
together determine the flow rate of heat energy 
removed from head 2 by the water flowing across 
area 110 in path 118 between intake region 119 
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and exhaust region 120. 

Flow sensor 15 is disposed to sense the nnass 
flow rate of the water, e.g., at a point prior to its 
flow across area 110. Intake temperature sensor 16 
is disposed to sense the water temperature prior to 
its flow across area 110 and exhaust temperature 
sensor 17 is disposed to sense its temperature 
after flow across area 110, to determine the change 
in water temperature between intake region 119 
and exhaust region 120. Sensors 14, 15, 16 and 17 
operate in the embodiment of FIG. 2 in the same 
way as in the embodiment of FIG. 1, except that 
sensors 15, 16 and 17 sense water instead of air. 

Control means 22 controls the operation of 
head 2 and pump 112 in conjunction with head 
power sensor 14, pump motor 113, flow sensor 15 
and temperature sensors 16,17, analogously to the 
operation described in regard to FIG. 1. Control 
means 22 is connected to head power sensor 14 
by head power sense line 23, to pump motor 113 
by pump power line 124, to mass flow sensor 15 
by flow sense line 25, and to intake and exhaust 
temperature sensors 16 and 17 by intake and ex- 
haust temperature sense lines 26 and 27, respec- 
tively. 

Control means 22 controls the speed of pump 
112 by varying the voltage across pump motor 
113, in dependence upon the measured flow rate 
of energy to head 2, and the determined flow rate 
of energy removed from head 2 by the water, to 
adjust the water flow rate so that the net energy in 
head 2 remains substantially constant, in the same 
way as in FIG. 1. Pump motor 113 is infinitely 
variable in speed for infinitely varying the water 
flow rate of pump 112 in corresponding manner to 
the operation of fan 12 by fan motor 13 in FIG. 1. 

The embodiment of FIG. 2 is operated with all 
of the features as described above for the embodi- 
ment of FIG. 1. except in the modification of the 
system to accommodate a liquid heat transfer me- 
dium instead of a gaseous heat transfer medium as 
cooling fluid. 

While water is contemplated as the liquid in the 
embodiment of FIG. 2, any other suitable liquid 
may be used such as an organic liquid, e.g., a 
conventional synthetic cooling liquid. One typical 
cooling liquid which may be used is that available 
under the designation "Fluorinert FC-77" from 3M 
(Minnesota Mining and Manufacturing Co., St. Paul. 
MN). 

Since liquids as contemplated herein remain at 
substantially constant density at the operating tem- 
perature of head 2, which is typically maintained at 
about 120**F for an ambient temperature ranging 
from nominally about 70° F to generally about 85°F, 
use of a liquid as heat transfer medium lends itself 
to measuring the liquid mass flow rate in terms of 
the liquid volume per pump cycle, i.e.. by simply 



measuring the speed of pump 112, in which case 
flow sensor 15 and flow sense line 25 may be 
omitted. Such pump speed is sensed and con- 
trolled by control means 22 in conventional manner 

5 in conjunction with pump motor 113 and pump 
power line 124. 

Because liquids have a more constant density 
than air under the contemplated operating con- 
ditions, only the volumetric flow rate need be mea- 

10 sured and controlled per this modification. Specifi- 
cally, as pump 112 delivers a constant volume, and 
therefore a constant mass, per pump cycle, the 
pump rate in terms of cycles is controlled so that 
the heat energy fed to head 2 by power line 3 is 

15 balanced by the heat energy removed from head 2 
by the liquid. 

In regard to all embodiments according to the 
invention, it is clear that a basic feature is the 
provision for measuring the power or heat energy 

20 into the system and power or heat energy out of 
the system, for adjusting the cooling fluid flow to 
achieve is-enthalpic control of the thermal printing 
head. Indeed, at constant enthalpy (i.e., is-enthalpy) 
as contemplated herein, there may be different 

25 temperatures distributed locally throughout the heat 
sink as constituted by the printing head, but the 
average temperature of the printing head always 
remains constant in accordance with the present 
invention. 

30 Accordingly, it can be appreciated that the 

specific embodiments described are merely illus- 
trative of the general principles of the invention. 
Various modifications may be provided consistent 
with the principles set forth. 

35 In essence a thermal printing device of the 

invention having is-enthalpic control comprising: 

a thermal printing head energizable by a selec- 
tive flow of electrical energy to generate images on 
a responsive imaging material; 

40 a heat transfer area associated with said head 

and disposed to effect transfer of heat generated 
by said head to a fluid heat transfer medium; 

controllable moving means for moving said 
medium at a controllable flow rate to flow across 

45 said area to remove therefrom heat generated by 
said head; and 

control means for controlling said moving 
means. 

50 Claims 

1. A thermal printing device having is-enthalpic 
control comprising: 

a thermal printing head energizable by a 
55 selective flow of electrical energy to generate 

Images on a responsive imaging material; 

a heat transfer area associated with said 
head and disposed to effect transfer of heat 
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generated by said head to a fluid heat transfer 
medium; 

controllable moving means for moving said 
medium at a controllable flow rate to flow 
across said area to remove therefrom heat 
generated by said head; 

measuring means for measuring the flow 
rate of electrical energy to said head; 

determining means for determining the 
flow rate of heat energy removed from said 
head by said medium that flows across said 
area; and 

control means for controlling said moving 
rneans, m dependence upon the measured 
flow rate of energy to said head, and the 
determined flow rate of energy removed from 
said head by said medium, to adjust the flow 
rate of said medium so that the net energy in 
said head remains substantially constant 
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ing means comprises mass flow measuring 
means for measuring the mass per unit time of 
a gaseous heat transfer medium, and said 
moving means comprises a fan. 

The device of claim 3 wherein said flow sens- 
rng means comprises mass flow measuring 
means for measuring the mass per unit time of 
a liquid heat transfer medium, and said moving 
means comprises a pump. 



2. 



The device of claim 1 wherein said head has a 
plurality of elements energizable to generate 
said images, and said area comprises a coola- 
b e portion on said head remote from said 
elements and capable of being cooled by flow 
contact with said medium. 

a The device of claim 1 wherein said determin- 
mg means comprises: 

flow sensing means for sensing the mass 
flow rate of said medium that flows across said 
area; 

temperature sensing means for sensing 
the change in temperature of said medium 
upon flow across said area; and 

wherein said control means is arranged to 
control said moving means, in dependence 
upon the measured flow rate of energy to said 
head, and the sensed mass flow rate and 
sensed change in temperature of said medium 
to adjust the flow rate of said medium so that 
said net energy remains substantially constant. 

4. The device of claim 3 wherein said tempera- 
ture sensing means comprises an intake tem- 
perature sensor disposed for sensing the tem- 
perature Of said medium prior to flowing across 
said area, and an exhaust temperature sensor 
disposed for sensing the temperature of said 
medium after flowing thereacross, for sensing 
said change in temperature. 

5. The device of claim 3 wherein said flow sens- 
ing means are disposed for sensing the mass 
f ow rate of said medium at a point prior to 
flow thereof across said area. 

6. The device of claim 3 wherein said flow sens- 



8. The device of claim 3 further comprising: 

auxiliary measuring means for measuring 
cumulatively the energy flow into and that be- 
ing removed from said head over a selective 
on-going period of time; and 

wherein said control means is arranged to 
control said moving means to adjust the flow 
rate of said medium, in further dependence 
upon the measured cumulative energy flow 
into and that being removed from said head to 
compensate for temporary imbalances in which 
the energy flow into said head exceeds the 
energy flow being removed from said head. 

9. The device of claim 3 further comprising- 

auxiliary temperature sensing means for 
sensing the temperature of said head; and 
wherein said control means is arranged to 
30 control said moving means to adjust the flow 

rate of said medium, in further dependence 
upon the sensed temperature of said head to 
maintain said head at a selective elevated tem- 
perature above ambient temperature. 

10. The device of claim 3 further comprising: 

auxiliary temperature sensing means for 
sensing the temperature of said head; and 
wherein said control means is arranged to 
^ control the flow of energy to said head in 

further dependence upon the sensed tempera- 
ture of said head, to maintain said head at a 
selective elevated temperature above ambient 
temperature. 

45 

11. A method of operating a thermal printing de- 
vice, having a thermal printing head, under is- 
enthalpic control, the method comprising the 
steps of: " 

50 delivering a selective flow of electrical en- 

ergy to the thermal printing head of the device 
to generate images on a responsive imaging 
material, said head being provided with a heat 
ransfer area associated therewith to effect 
transfer of heat generated by said head to a 
fluid heat transfer medium; 

moving a flow of said medium across said 
area to remove therefrom heat generated by 
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said head; 

measuring the flow rate of electrical en- 
ergy to said head; 

determining the flow rate of heat energy 
removed from said head by said medium; and 

controlling said moving of said medium, in 
dependence upon the measured flow rate of 
energy to said head and the determined flow 
rate of energy removed from said head by said 
medium, to adjust the flow rate of said medium 
so that the net energy in said head remains 
substantially constant. 

12. The method of claim 11 wherein said head has 
a plurality of elements energized to generate 
said images, and said area comprises a coola- 
ble portion on said head remote from said 
elements and which is cooled by flow contact 
with said medium. 

13. The method of claim 11 wherein the determin- 
ing of the flow rate of heat energy removed 
from said head comprises the steps of: 

sensing the mass flow rate of said medium 
that flows across said area; 

sensing the temperature of said medium 
prior to and after flow thereof across said area, 
and in turn the change in temperature of said 
medium upon flow across said area; and 

controlling said moving of said medium, in 
dependence upon the measured flow rate of 
energy to said head, and the sensed mass 
flow rate and sensed change in temperature of 
said medium, to adjust the flow rate of said 
medium so that said net energy remains sub- 
stantially constant. 

14. The method of claim 13 wherein the mass flow 
rate of said medium is sensed at a point prior 
to flow thereof across said area. 



said head. 

18. The method of claim 13 further comprising the 
step of sensing the temperature of said head, 

5 and controlling said moving of said medium to 

adjust the flow rate of said medium, in further 
dependence upon the sensed temperature of 
said head, to maintain said head at a selective 
elevated temperature above ambient tempera- 

10 ture. 

19. The method of claim 13 further comprising the 
step of sensing the temperature of said head, 
and controlling the flow of energy to said head, 

75 in further dependence upon the sensed tem- 

perature of said head, to maintain said head at 
a selective elevated temperature above am- 
bient temperature. 

20 



25 



30 



35 



15. The method of claim 13 wherein said medium 
is a gaseous heat transfer medium. 

16. The method of claim 13 wherein said medium 45 
is a liquid heat transfer medium. 

17. The method of claim 13 further comprising the 
step of measuring cumulatively the energy flow 

into and that being removed from said tiead so 
over a selective on-going period of time, and 
controlling said moving of said medium to ad- 
just the flow rate of said medium, in further 
dependence upon the measured cumulative 
energy flow into and that being removed from 55 
said head, to compensate for temporary imbal- 
ances in which the energy flow into said head 
exceeds the energy flow being removed from 
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® Thermal printing head. 



© Is - enthalpic tennperature control of the opera - 
tion of the thernnal printing head (2) of a thermal 
printing device (1) is attained by use of a transfer 
arna at the head (2) to transfer heat fronn the head 
(2) to a coolant fluid moved by a fluid mover across 
the transfer area at a flow rate controlled by a circuit 
on the basis of a sensor (25) that measures the flow 
rate of electrical energy being fed to the head, and 



sensors (15) that sense the mass flow rate of the 
fluid and its rise in temperature upon flow across the 
transfer area for determining the flow rate of energy 
being removed from the head (2). The circuit con - 
trols the fluid mover to adjust the fluid flow rate so 
that the net energy in the head remains substantially 
constant. 
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